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POLYBENZOXAZOLE RESIN AND 
PRECURSOR THEREOF 

TECHNICAL FIELD 

The present invention relates to polybenZoxaZole resins 
Which are excellent in thermal characteristics, electrical 
characteristics, mechanical characteristics, and physical 
characteristics, and Which are usable as layer insulation ?lms 
and protective ?lms for semiconductors, layer insulation 
?lms of multilayer circuits, cover coats of ?exible copper 
clad sheets, solder resist ?lms, liquid crystal-aligned ?lms, 
etc. 

BACKGROUND ART 

Hitherto, inorganic insulation ?lms of silicon dioxide or 
the like prepared by chemical vapor deposition method or 
the like have been used as layer insulation ?lms for semi 
conductors. HoWever, inorganic insulation ?lms of silicon 
dioxide or the like are high in dielectric constant, and use of 
organic materials is being investigated as insulation ?lms for 
the purposes of speeding up and higher performance. As 
organic materials for semiconductors, there are used poly 
imide resins Which are superior in heat resistance, electrical 
characteristics and mechanical characteristics. With recent 
enhancement in function and performance of 
semiconductors, further remarkable improvement in heat 
resistance, electrical characteristics, moisture-absorption 
characteristics, and thermal expansion coef?cient is 
demanded, and thus, resins of further higher performances 
are needed. 

Under the circumstances, it has been attempted to use 
polybenZoxaZole resins Which are superior to polyimide 
resins in Water absorption and electrical characteristics, as 
insulation materials for semiconductors. It is easy for poly 
benZoxaZole resins to satisfy only one of thermal 
characteristics, electrical characteristics, mechanical charac 
teristics and physical characteristics. For example, a poly 
benZoxaZole resin comprising 4,4‘-diamino-3,3‘ 
dihydroxybiphenyl and terephthalic acid has much superior 
heat resistance such as high heat decomposition resistance or 
high Tg, but is not so good in electrical characteristics such 
as dielectric constant and dielectric loss tangent. Apolyben 
ZoxaZole resin comprising 2,2‘-bis(3-amino-4 
hydroxyphenyl)hexa?uoropropane and terephthalic acid 
shoWs good electrical characteristics such as loW dielectric 
constant, but is not so good in heat resistance and physical 
characteristics. Thus, at present, there are obtained no resins 
Which are excellent in all of thermal characteristics, electri 
cal characteristics, mechanical characteristics and physical 
characteristics. 

DISCLOSURE OF THE INVENTION 

The object of the present invention is to provide heat 
resistant resins excellent in all of thermal characteristics, 
electrical characteristics, physical characteristics and 
mechanical characteristics in use for semiconductors. 

As a result of intensive research conducted in an attempt 
to solve the above problems, the inventors have found a 
polybenZoxaZole precursor represented by the folloWing 
general formula (A) and a polybenZoxaZole resin repre 
sented by the folloWing general formula (D), and have 
accomplished the present invention. 
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(A) 

In the above formulas (A) and (D), n denotes an integer of 
2—1000 and X denotes a structure selected from those 
represented by the folloWing formulas (B): 

(B) 

and 

?Y? 
In the above formulas (B), Y denotes a structure selected 
from those represented by the folloWing formulas (C), and 
the hydrogen atom(s) on the benZene ring in these structures 
may be substituted With at least one group selected from the 
group consisting of methyl group, ethyl group, propyl group, 
isopropyl group, butyl group, isobutyl group, t-butyl group, 
?uorine atom and tri?uoromethyl group: 

(C) 

DETAILED DESCRIPTION OF THE 
INVENTION 

The polybenZoxaZole precursor of the present invention 
can be obtained from a bisaminophenol compound having 
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one of the structures represented by the above formulas (B) 
and 2,2‘-bis(tri?uoromethyl)-4,4‘-biphenylenedicarboxylic 
acid by conventional methods such as acid chloride method, 
activated ester method, and condensation reaction in the 
presence of a dehydration condensation agent such as poly 
phosphoric acid or dicyclohexylcarbodiimide. 

Typical examples of the bisaminophenol compound hav 
ing one of the structures represented by the formulas (B) 
Which is used in the present invention, are 2,4 
diaminoresorcinol, 4,6-diaminoresorcinol, 2,2‘-bis(3-amino 
4-hydroxyphenyl)hexa?uoropropane, 2,2‘-bis(4-amino-3 
hydroxyphenyl)hexa?uoropropane, 2,2‘-bis(3-amino-4 
hydroxyphenyl)propane, 2,2‘-bis(4-amino-3 
hydroxyphenyl)propane, 3,3‘-diamino-4,4‘ 
dihydroxydiphenyl sulfone, 4,4‘-diamino-3,3‘ 
dihydroxydiphenyl sulfone, 3,3‘-diamino-4,4‘ 
dihydroxybiphenyl, 4,4‘-diamino-3,3‘-dihydroxybiphenyl, 
3,3‘-diamino-4,4‘-dihydroxydiphenyl ether, 4,4‘-diamino-3, 
3‘-dihydroxydiphenyl ether, 2,2‘-bis(3-amino-4-hydroxy-2 
tri?uoromethyl)propane, 2,2‘-bis(4-amino-3-hydroxy-2 
tri?uoromethyl)propane, 2,2‘-bis(3-amino-4-hydroxy-5 
tri?uoromethyl)propane, 2,2‘-bis(4-amino-3-hydroxy-5 
tri?uoromethyl)propane, 2,2‘-bis(3-amino-4-hydroxy-6 
tri?uoromethyl)propane, 2,2‘-bis(4-amino-3-hydroxy-6 
tri?uoromethyl)propane, 2,2‘-bis(3-amino-4-hydroxy-2 
tri?uoromethyl)hexa?uoropropane, 2,2‘-bis(4-amino-3 
hydroxy-2-tri?uoromethyl)hexa?uoropropane, 2,2‘-bis(3 
amino-4-hydroxy-5-tri?uoromethyl)hexa?uoropropane, 
2,2‘-bis(4-amino-3-hydroxy-5-tri?uoromethyl) 
hexa?uoropropane, 2,2‘-bis(3-amino-4-hydroxy-6 
tri?uoromethyl)hexa?uoropropane, 2,2‘-bis(4-amino 
3-hydroxy-6-tri?uoromethyl)hexa?uoropropane, 3,3‘ 
diamino-4,4‘-dihydroxy-2,2‘-tri?uoromethylbiphenyl, 4,4‘ 
diamino-3,3‘-dihydroxy-2,2‘-tri?uoromethylbiphenyl, 3,3‘ 
diamino-4,4‘-dihydroxy-5,5‘-tri?uoromethylbiphenyl, 4,4‘ 
diamino-3,3‘-dihydroxy-5,5‘-tri?uoromethylbiphenyl, 3,3‘ 
diamino-4,4‘-dihydroxy-6,6‘-tri?uoromethylbiphenyl, and 
4,4‘-diamino-3,3‘-dihydroxy-6,6‘-tri?uoromethylbiphenyl. 
Among the methods for producing polybenZoxaZole pre 

cursors of the present invention, for example, according to 
the acid chloride method, ?rst, 2,2‘-bis(tri?uoromethyl)-4, 
4‘-biphenylenedicarboxylic acid chloride Which is an acid 
chloride used, can be obtained by reacting 2,2‘-bis 
(tri?uoromethyl)-4,4‘-biphenylenedicarboxylic acid, in the 
presence of a catalyst such as N,N-dimethylformamide, With 
thionyl chloride in an excess amount at a temperature of 
room temperature to 75° C., distilling off excess thionyl 
chloride by heating under reduced pressure, and then recrys 
talliZing the resulting residue by use of a solvent such as 
hexane. Then, the polybenZoxaZole precursor can be 
obtained by dissolving a bisaminophenol compound usually 
in a polar solvent such as N-methyl-2-pyrrolidone or N,N 
dimethylacetamide, folloWed by reacting With the 2,2‘-bis 
(tri?uoromethyl)-4,4‘-biphenylenedicarboxylic acid chlo 
ride at a temperature of room temperature to —30° C. in the 
presence of an acid-acceptor such as pyridine. 

The polybenZoxaZole resin of the present invention can be 
obtained by subjecting the resulting polybenZoxaZole pre 
cursor to condensation reaction by heating or treating With 
a dehydrating agent in the conventional manner. If 
necessary, various additives such as surface active agents 
and coupling agents are added to the resulting resin, and this 
can be used as layer insulation ?lms and protective ?lms for 
semiconductors, layer insulation ?lm of multilayer circuits, 
cover coats of ?exible copper-clad sheets, solder resist ?lms, 
liquid crystal-aligned ?lms, etc. 

Furthermore, the precursor of the polybenZoxaZole resin 
in the present invention can be used together With a naph 
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4 
thoquinonediaZide compound as a photosensitive agent to 
provide a photosensitive resin composition. 

The polybenZoxaZole precursor of the present invention is 
preferably used in the state of varnish usually by dissolving 
it in a solvent. Examples of the solvent are N-methyl-2 
pyrrolidone, y-butyrolactone, N,N-dimethylacetamide, dim 
ethyl sulfoxide, diethylene glycol dimethyl ether, diethylene 
glycol diethyl ether, diethylene glycol dibutyl ether, propy 
lene glycol monomethyl ether, dipropylene glycol monom 
ethyl ether, propylene glycol monomethyl ether acetate, 
methyl lactate, ethyl lactate, butyl lactate, methyl-1,3 
butylene glycol acetate, 1,3-butylene glycol-3-monomethyl 
ether, methyl pyruvate, ethyl pyruvate, and methyl-3 
methoxy propionate. These can be used each alone or in 
admixture of tWo or more. 

The polybenZoxaZole precursor of the present invention 
can be used in the folloWing manner. First, the precursor and 
other compounds are dissolved in the above solvent, and the 
solution is coated on a suitable support such as silicon Wafer 
and ceramic substrate. As the coating method, mention may 
be made of spin coating With a spinner, spray coating With 
a spray coater, dipping, printing, roll coating, etc. After 
formation of a coating ?lm in this Way, the ?lm is preferably 
heat-treated to convert it to a polybenZoxaZole resin. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention Will be explained in more detail by 
Way of the folloWing examples. It should be understood that 
they are exemplary only, and should not be construed as 
limiting the invention in any manner. Hereinafter “parts” 
means “parts by Weight”. 

EXAMPLE 1 

73.2 Parts (0.2 mol) of 2,2‘-bis(3-amino-4 
hydroxyphenyl)hexa?uoropropane Was dissolved in 200 
parts of dried dimethylacetamide, and 39.6 parts (0.5 mol) of 
pyridine Was added to the solution, folloWed by adding 
dropWise thereto a solution of 83.0 parts (0.2 mol) of 
2,2‘-bis(tri?uoromethyl)-4,4‘-biphenylenedicarboxylic acid 
chloride in 100 parts of cyclohexane at —15° C. in dry 
nitrogen over a period of 30 minutes. After completion of the 
addition, the temperature Was restored to room temperature, 
folloWed by stirring at room temperature for 5 hours. Then, 
the reaction mixture Was added dropWise to 7 liters of 
distilled Water, and the precipitate Was collected and dried to 
obtain a polybenZoxaZole precursor (formula The 
resulting polybenZoxaZole precursor had a number-average 
molecular Weight (Mn) of 44000 obtained in terms of 
polystyrene using GPC manufactured by Toso Co., Ltd. 

(E) 

(:113 
H F3C CF3 H O O 

| \ / | || || 

NUCUN_C C HO OH F3‘: 

This polybenZoxaZole precursor Was dissolved in 
N-methyl-2-pyrrolidone, and the solution Was ?ltered With a 
Te?on ?lter of 0.2 pm to obtain a varnish. 

This varnish Was coated on a glass sheet by a doctor blade. 
Then, this Was dried at 70° C. for 1 hour in an oven, and the 
coat Was peeled off to obtain a polybenZoxaZole precursor 
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?lm of 20 pm thickness. This ?lm Was ?xed by a metal 
frame and heated at 150° C./30 minutes, 250° C./30 minutes 
and 350° C./30 minutes successively in this order to obtain 
a polybenZoxaZole resin (formula 

(F) 

This resin ?lm Was evaluated on various properties, and 
the results are shoWn in Table 1. 

EXAMPLE 2 

A polybenZoxaZole resin (formula Was prepared in 
the same manner as in Example 1, except that 43.2 parts (0.2 
mol) of 4,4‘-diamino-3,3‘-dihydroxybiphenyl Was used in 
place of 73.2 parts (0.2 mol) of 2,2‘-bis(3-amino-4 
hydroxyphenyl)hexa?uoropropane in Example 1, and Was 
evaluated on the properties. The resulting polybenZoxaZole 
resin had a number-average molecular Weight (Mn) of 
34000 obtained in terms of polystyrene using GPC manu 
factured by Toso Co., Ltd. 

(G) 

c113 

N N\\ 
c c 
/ 

O o 

F3C n 

EXAMPLE 3 

A polybenZoxaZole resin (formula Was prepared in 
the same manner as in Example 1, except that 51.6 parts (0.2 
mol) of 2,2‘-bis(3-amino-4-hydroxyphenyl)propane Was 
used in place of 73.2 parts (0.2 mol) of 2,2‘-bis(3-amino-4 
hydroxyphenyl)hexa?uoropropane in Example 1, and Was 
evaluated on the properties. The resulting polybenZoxaZole 
resin had a number-average molecular Weight (Mn) of 
54000 obtained in terms of polystyrene using GPC manu 
factured by Toso Co., Ltd. 

EXAMPLE 4 

ApolybenZoxaZole resin (formula Was prepared in the 
same manner as in Example 1, except that 56.1 parts (0.2 
mol) of 3,3‘-diamino-4,4‘-dihydroxydiphenyl sulfone Was 
used in place of 73.2 parts (0.2 mol) of 2,2‘-bis(3-amino-4 
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6 
hydroxyphenyl)hexa?uoropropane in Example 1, and Was 
evaluated on the properties. The resulting polybenZoxaZole 
resin had a number-average molecular Weight (Mn) of 
41000 obtained in terms of polystyrene using GPC manu 
factured by Toso Co., Ltd. 

EXAMPLE 5 

ApolybenZoxaZole resin (formula Was prepared in the 
same manner as in Example 1, except that 46.4 parts (0.2 
mol) of 3,3‘-diamino-4,4‘-dihydroxydiphenyl ether Was used 
in place of 73.2 parts (0.2 mol) of 2,2‘-bis(3-amino-4 
hydroxyphenyl)hexa?uoropropane in Example 1, and Was 
evaluated on the properties. The resulting polybenZoxaZole 
resin had a number-average molecular Weight (Mn) of 
52000 obtained in terms of polystyrene using GPC manu 
factured by Toso Co., Ltd. 

(1) 

C113 

N o N‘ 
/c c 

O o 

F3C n 

COMPARATIVE EXAMPLE 1 

A polybenZoxaZole resin (formula Was prepared in 
the same manner as in Example 1, except that 40.6 parts (0.2 
mol) of isophthalic acid chloride Was used in place of 83.0 
parts (0.2 mol) of 2,2‘-bis(tri?uoromethyl)-4,4‘ 
biphenylenedicarboxylic acid chloride in Example 1, and 
Was evaluated on the properties. The resulting polybenZox 
aZole resin had a number-average molecular Weight (Mn) of 
44000 obtained in terms of polystyrene using GPC manu 
factured by Toso Co., Ltd. 

(K) 

F3C\ /CF3 
N c N 

\\ U @QUC o 

COMPARATIVE EXAMPLE 2 

A polybenZoxaZole resin (formula Was prepared in 
the same manner as in Example 1, except that 46.2 parts (0.2 
mol) of 4,4‘-biphenylenedicarboxylic acid chloride Was used 
in place of 83.0 parts (0.2 mol) of 2,2‘-bis(tri?uoromethyl) 
4,4‘-biphenylenedicarboxylic acid chloride in Example 1, 
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and Was evaluated on the properties. The resulting polyben 
ZoxaZole resin had a number-average molecular Weight (B) 
(Mn) of 49000 obtained in terms of polystyrene using GPC 

manufactured by Toso CO., Ltd. II ’ m ,and 5 

(L) 
Y 

F C CF . 

N 3 \C/ 3 Q ‘QC N\\ 10 
C C 

/ 
o O n . . 

wherein Y denotes a structure having a formula selected 
from the group consisting of formulas (C), and the hydrogen 
atom(s) on the benZene ring in these structures are optionally 

. . 15 . . 

The evaluation results in the above Examples and Com- $1lb5t_1t1}ted Wlth at least one group Selected from the group 
parative Examples are shoWn in Table 1. Ponslstlng of methyl group> Pthyl gr0uP> Propyl group, 

1sopropyl group, butyl group, 1sobutyl group, t-butyl group, 
TABLE 1 ?uorine atom and tri?uoromethyl group: 

Heat Water 20 (C) 
Dielectric resistance CT E absorption C133 CH3 
constant (0 C.) (x10’6) (%) I I 

Example 1 2.5 511 42 0.1 —(|:— ’ —(|:— ’ —SO2— ’ —O— ’ 
Example 2 2.9 522 10 0.2 CF CH 
Example 3 2.7 515 41 0.1 25 3 3 
Example 4 2.8 518 40 0.2 
Example 5 2.8 514 41 0.1 O 0 
Comparative 2.8 505 51 0.2 ’ ’ 

Example 1 
Comparative 2.9 512 45 0.2 
Example 2 30 

—o o— ,and 
Dielectric constant: Was measured at a frequency of 1 MHZ by use of 
HP-4284A Precision LCR meter made by Hewlett-Packard Co. in accor 
dance With JIS-K 6911. 
Heat resistance: Temperature at Which the Weight reduced by 5%, Was 
measured at a heating rate of 100 C./min. in nitrogen gas flow by use of O O ' 
TG/DTA 220 meter made by Seiko Denshi Kogyo K.K. 35 
CTE: Coe?icient of thermal expansion in the range of 25-1000 C. Was 
measured at a heating rate of 5° C./min. by use of TMA/SS120C meter 

made by Seiko Denshi Kogyo K'K' 2 A 01 benZoxaZole resin havin recurrin units re re 
Water absorption: Water absorption at a temperature of 850 C. and a ' p y g g p 
humidity of 85% for 24 hours Was measured by the Weight method. Sented by formula (D): 

40 

As clear from Table 1, the polybenZoxaZole resins of the (D) 

present invention shoWed excellent thermal characteristics, (3P3 
electrical characteristics, mechanical characteristics and N N 
physical characteristics. Therefore, they can be used as layer // \ / \ 
. . . . 45 C X C 

1nsulat1on ?lms and protective ?lms for semiconductors, \O/ \O/ 
layer insulation ?lms of multilayer circuits, cover coats of 
?exible copper-clad sheets, solder resist ?lms, liquid crystal- 113C 
aligned ?lms, etc. 

What is Claimed is: 50 Wherein n denotes an integer of 2—1000 and X denotes a 
L A PolybenZoXaZole Precursor having recurring units structure having a formula selected from the group consist 

represented by formula (A): ing of formulas (B): 

(A) 55 (B) 
CF3 

O H H O , ,and 

II | | || 
C—N N—C 

\ / 

HO OH F3C 

wherein I1 denOteS an integer 0f 2—1000 and X denotes a 65 Wherein Y denotes a structure having a formula selected 
structure having a formula selected from the group consist- from the group consisting of formulas (C), and the hydrogen 
ing of formulas (B): atom(s) on the benZene ring in these structures are optionally 
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substituted With at least one group selected from the group -Continued 
consisting of methyl group, ethyl group, propyl group, 
isopropyl group, t-butyl group, ?uorine atom and tri?uo 
rornethyl group: —O O— ,and 

5 

| | 10 
C113 CH3 

‘@i , —o4©io— , * * * * * 


